1E 


my FS KR BR FS $R 2015,37 (2): 145~156 


Plant Diversity and Resources DOI: 10.7677/ynzwyj201514070 





E A Ja 7k F A OT a LL S SS ee Do Se Ml a 


a He? ARRE, mite, Bo Bl, 
Le? Aam, BR 


C1 PERLE Be ELBA OSs AR A EE SE a Ss | ELA 650201; 2 PRR BERL HAD 
3 AP PS a AE AE EE, ELH 650201; 3 PARRAK, JE 100049, 
4 PEREPERE, kat 100101) 



























































HE: HS (Kobresia pygmaea) FEI FE HAN EEA AP, HEKA MRZE, AiE A 
MEAE, LA TL re EAA SE, AS a A ET, 
ATTA RE EW Re AA A BE ENGIN, PTT Ts Les EARP 4 SY Bs IGA, SH 
SRR, ARAE, ICME, WR BLAS IRIE AAI AR EB, LU ARN eA, 
REE A A OR AS E REE RK PRIA, MTA ALE PREF, Et, 3% 
EE A NS A — PEA At hE AE SSE PE BE ELE TB) EFT, AN E A ERIA h TE 
FTG PE, Ty LL AE EA A Ol NP OY Ti] FP BY EL, 

Kei: Fee; GRR, BRO, BAMA, paei 

HAAS: Q 945.79 LRAD: A MBS: 2095-0845( 2015) 02-145-12 


























































































































Protein Level Analysis of Kobresia pygmaea ( Cyperaceae) Response 
to Diurnal Environment on the Tibetan Plateau 


LI Xiong”? , YANG Yun-qiang'’’, YANG Shi-hai™*, MA Lan'*”, 
KONG Xiang-xiang'”” , HU Xiang-yang'”, YANG Yong-ping'*™* 

(1 Key Laboratory for Plant Diversity and Biogeography of East Asia, Kunming Institute of Botany, Chinese Academy of Sciences , 
Kunming 650201, China; 2 Germplasm Bank of Wild Species in Southwest China, Kunming Institute of Botany, Chinese 
Academy of Sciences, Kunming 650201, China; 3 University of Chinese Academy of Sciences, Beijing 100049, China; 

4 Institute of Tibetan Plateau Research, Chinese Academy of Sciences, Beijing 100101, China) 


Abstract; Kobresia pygmaea is an important constructive species of alpine meadow on the Tibetan Plateau; its 
growth and development is influenced by both drastic environments of seasonal or inter-annual replacement and diur- 
nal cycle. For a long time, studies about K. pygmaea adaption to alpine environment were mainly focused on the 
long-term adaptation while the diurnal responses were rarely reported. In the present study, we performed compara- 
tive proteomics approach, together with antioxidant enzyme assays and western blot, to analyze the variation of pro- 
teins expression in K. pygmaea every four hours from 2 a. m. to 22 p. m. in a day, which were collected from eleva- 
tion of 4 800 m on the Nyaingentanglha Mountains. The results implicated that K. pygmaea was subjected to time-pe- 
riod abiotic environmental stresses, including high temperature, intense light and ultraviolet radiation in the day and 
low temperature in the night. To maintain normal life activities, K. pygmaea formed a complex set of strategies to deal 


with the potential damage. These strategies at least contained the plasticity and flexibility of antioxidant system, heat 
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shock proteins accumulation, and abscisic acid metabolism. Meanwhile, a potential way named time-special activi- 


ties regulated by proteins was also used to improve efficiency of survival, which meant some important biological 


processes, such as energy metabolism and photosynthesis, mostly occurred at more suitable time to avoid disadvanta- 


geous periods. These results supplied more knowledge about alpine plants adaptation to extreme day and night on the 


Tibetan Plateau. 


Key words: Kobresia pygmaea; Tibetan Plateau; Diurnal environment; Proteomics; Antioxidant enzyme 


The Tibetan Plateau, with a mean altitude of 
more than 4000 m, is considered as roof of the world. 
Because of the special geographical location and com- 
plex terrain, it becomes the sensitive area and pro- 
moter region of climate change ( Wang et al., 2010). 
With global warming and the ozone weakening, re- 
searches about alpine plants response and adaption to 
environmental factors become more focused hotspots. 
In addition, the Tibetan Plateau forms typical alpine 
environment with large temperature change between 
day and night, intense solar radiation, and some oth- 
er environmental factors, which are considered to be 
harsh environment for plants (Zhang et al., 2010). 
Therefore, alpine plants growing here must have 
gained special structural characteristics and physio- 
logical, ecological adaptation tactics. 

Environmental change includes long-term sea- 
sonal or inter-annual variation and short-time diurnal 
turnover. Alpine environments usually show more in- 
tense and complex changes. Plants, especially at 
high altitudes, need to accommodate both long-term 
and short-time environmental changes to complete 
normal growth and development. Although the topic 
of plants adaption to environment has attracted great 
attentions all the time, studies were almost reflected 
in the long-term adaptation in the wild ( Annicchiari- 
co et al., 1995; Yang et al., 2011; Yang et al., 
2012). The situations of plants response to diurnal 
variation were mainly focused on circadian clock reg- 
ulation to the diurnal rhythm in model plant, like 
Arabidopsis thaliana, under laboratory conditions 
(Wang and Tobin, 1998; Somers, 1999; Doyle et 
al., 2002; Farre et al., 2005; Pruneda-Paz and 
Kay, 2010; Lai et al., 2012). However, relevant 


studies were lack of verification in natural field, not 


to mention the Tibetan Plateau. 

Alpine meadow, one widely distributed vegeta- 
tion type on Tibetan Plateau, is the product of al- 
pine climate. In alpine meadow, Kobresia pygmaea, 
a member of sedge family, often acts as the con- 
structive species, which is mainly propagated by 
vegetations because of the very low seed setting rate 
and germination rate (Li et al., 2013). K. pygmaea 
plays a crucial role in maintaining the stability of the 
regional ecology environment, since it has a strong 
viability with many excellent features, such as resist- 
ance to low temperature, drought, trampling and soil 
erosion ( Miehe et al., 2008). Therefore, the resear- 
ches about how K. pygmaea adapts to alpine environ- 
ment and responds to global climate change are very 
significant. At present, relevant studies were mainly 
focused on the long-term adaptation primarily from 
the morphological structure ( Yang et al., 2011) and 
physiological aspects (Yang et al., 2012), but the 
response to diurnal environmental change has rarely 
been reported. In this study, we adopted compara- 
tive proteomics approach, together with antioxidant 
enzyme activity assays and western blot to analyze 
the variations of proteins expression of K. pygmaea in 
a day. The results can deepen our understanding al- 
pine plants adaptation to extreme day and night on 


the Tibetan Plateau. 


1 Material and methods 
1.1 Samples collection 

This study was conducted in July, 2012, on the 
south-facing slope of the Nyaingentanglha Mountains 
on altitude of 4 800 m (30°31'53” N, 91°03'18" E) 
near Damxung City in central Tibetan Plateau. To 


analyze internal response of K. pygmaea to external 
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environment in a day, we collected samples at Zeit- 
geber time (ZT) 2 (2 a.m.), ZT6 (6 a.m.), ZT10 
(10 a.m.), ZT14 (14 p.m.), ZT 18 (18 p.m.) and 
ZT22 (22 p.m.) respectively. At each time point, 
100 to 200 g healthy leaves of K. pygmaea from a 25- 
m* region were randomly selected and immediately 
frozen by liquid nitrogen for later protein extraction 
and enzyme assays. The samples were collected and 
the experiments were conducted in triplicate. 
1.2 Detection of environmental factors 

The environmental factors including tempera- 
ture, light intensity, ultraviolet (UV) radiation and 
atmospheric humidity at different time were observed 
and measured. 
1.3 Antioxidant enzyme assays 

Approximately 1 g of leaves from each sample col- 
lected at different time were homogenized in extraction 
buffer (50 mmol + L™' sodium phosphate pH 7.0, 1 
mmol + L' EDTA, 1 mmol + L' DTT, 1 mmol - L’' 
GSH, 1 mmol -L™' ASA, 5 mmol - L MgCl, - 6H,O, 
1% PVP-40 and 20% glycerin) as the ratio of 100 
mg tissue/mL buffer. The homogenates were centri- 
fuged at 12 000 x g for 15 min at 4°C , and the total 
soluble protein contents in the supernatants were 
measured according to the Bradford method ( Barbosa 
et al., 2009). The activities of catalase (CAT, EC1. 
11.1.6), ascorbate peroxidase ( APX, EC1. 11. 1. 11), 
superoxide dismutase ( SOD, EC1. 15.1.1), and 
glutathione reductase (GR, EC1. 6.4.2) were de- 
termined as previously applied method ( Beaucham 
and Fridovic, 1971; Nakano and AsAda, 1981; 
Varga et al., 2012). 
1.4 Protein extraction and two-dimensional gel 
electrophoresis 

Protein extraction and 2D separation was per- 
formed according to the previous methods ( Damerval 
et al., 1986), with some modifications. Approxi- 
mately 10-20 g leaves from each sample collected at 
different time were grounded in liquid nitrogen and 
total soluble proteins were extracted on ice in ace- 
tone containing 10% trichloroacetic acid (TCA) and 
0.07% DTT. The homogenates were placed at -20 °C 


for 4 h and then were centrifuged (8 000 x g, 30 
min, 4 C ). The resulted pellets were washed with 
acetone containing 0.07% DTT at -20 C for 30 min 
and then centrifuged (8 000 x g, 20 min, 4 ©), 
which was repeated for 3 times. The final pellets 
were vacuum-dried and then dissolved in lysate (7 M 
urea, 2 M thiourea, 4% CHAPS and 60 mmol - L™' 
DTT) for 2 h at room temperature with intermittently 
shocking, and then the samples were centrifuged 
(12 000 xg, 20 min, 20°C ). The supernatants were 
collected for 2-DE experiments with 900 wg of total 
proteins by a method used previously ( Bai et al., 
2011), which were executed in triplicate. 
1.5 Spots digestion and protein identification 
for Mass Spectrometry analyses 

Protein spots that showed significant changes in 
expression with change in elevation were excised 
manually from colloidal CBB-stained 2-DE gels. Pro- 
tein digestion with trypsin was first performed; then 
mass spectrometry analyses were conducted using a 
MALDI-TOF/TOF mass spectrometer 4 800-plus Prot- 
eomics Analyzer (Applied Biosystems, Farmington, 
MA, USA) according to methods previously described 
(Bai et al., 2011). 
1.6 Database search 

The primary and secondary MS data were trans- 
ferred into Excel files and used as inputs to search a- 
gainst an NCBI non-redundant database; the search 
was restricted to viridiplantae (green plants) using the 
MASCOT search engine (www. matrixscience. com). 
The search parameters were established as follows; 
no restriction of protein molecular weight; one 
missed trypsin cleavage allowed; cysteine treated by 
iodoacetamide; and oxidation of methionine. The 
peptide tolerance was 100 ppm and the MS/MS tol- 
erance was 0. 25 kD. Protein identifications were val- 
idated manually, with at least four peptides matc- 
hing. The keratin contamination was removed and 
the MOWSE score threshold was greater than 40 
(P <0.05). Only significant hits were accepted for 
the identification of the protein sample based on 


MASCOT probability analysis. 
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1.7 Western blot analysis 

SDS-PAGE injected with equal amount of total 
protein was performed as a reference to previous 
method (Laemmli et al., 1970) using 12% polyac- 
rylamide slab gels. Protein samples were electroblot- 
ted onto polyinylidene difluoride ( PVDF ) mem- 
branes by using a Trans-Blot cell ( Bio-Rad) for 
western blot analysis. After transfer, the membranes 
were blocked for 1 h at room temperature. Mem- 
branes were probed with the appropriate primary an- 
tibodies and HRP-conjugated goat anti-rabbit se- 
condary antibody ( Promega, Madison, WI 53711, 
US), and signals were detected using an ECL kit 
(GE Company, Evansville, Indiana 47715, US). 
The primary antibodies were diluted as follows; 9- 
cis-epoxycarotenoid dioxygenase (NCED) antibody, 
1:1000; dehydrin antibody, 1:1000. 


2 Results and discussion 
2.1 Abiotic environment factors incite relation- 
al protein expression: proteome analysis 

To investigate the response of K. pygmaea to di- 
urnal environment change in protein level, we per- 
formed 2-DE to identify the whole protein accumula- 
tion profile in K. pygmaea from ZT2 to ZT22. We 
performed three biological replicates and gels were 
visualized by CBB staining (Fig. S1, $2, S3). After 
staining, proteins were analyzed by PDQuest soft- 
ware (Bio-Rad). Under stringent condition, all dif- 
ferentially displayed proteins were unambiguously 
identified by MALDI-TOF-MS/MS analysis and sear- 
ched against the NCBI nonredundant database. In 
total, comparative proteomics patterns of six different 
time samples indicated that the expressions of 120 
detectable proteins varied by at least 1. 5-fold ( P < 
0.05) and 60 of these protein spots were positively 
identified using MALDI-TOF MS (Table S1). Ac- 
cording to the NCBI annotations, the identified pro- 
teins could be classified into six functional groups: 
Oxidation reduction processes, stress resistance, en- 
ergy metabolism, photosynthesis, biosynthesis and 


metabolism and others (Fig. 1A). Among these pro- 


tein spots, we found that the stress resistance, pho- 
tosynthesis and oxidation reduction processes consis- 
ted of most of the identified proteins, occupying 
22% , 18% and 18% of all respectively (Fig. 1A). 
A hierarchical cluster analysis was conducted to cat- 
egorize the proteins that showed differential expres- 
sion profiles at each time (Fig. 1B). 

The study demonstrated that stress resistance 
proteins response to cold, heat or light and some 
proteins involved in oxidation reduction processes 
showed significant changes in expression with diurnal 
cycle. In particular, a group of important proteins 
belonging to the antioxidant system, such as ascor- 
bate peroxidase (spot 135) and manganese superox- 
ide dismutase (spot 147) exhibited significant oscil- 
lations (Fig. 2, Fig. 1B, C), which exhibited grea- 
ter expression at ZT6 or ZT14, corresponding to the 
extreme values of environmental factors. 

Heat shock proteins (HSPs) , well known in all 
eukaryotic organisms, play essential roles in various 
cellular processes when plants are exposed to stress- 
ful conditions, such as high or low temperatures, ox- 
ygen deprivation, etc. (Siaussat et al., 2013) Un- 
der high temperature, HSPs produced in plants can 
protect organism proteins from damaging or repair 
damaged proteins, indicating that induced formation 
of heat shock protein make plant to acquire heat re- 
sistance (Kato et al., 1993). In this study, we de- 
tected four heat shock-related proteins; putative 
heat-shock protein (spot 3), heat shock protein, 
putative (spot 8) , stromal 70 kDa heat shock-relat- 
ed protein (spot 9) and heat shock protein hsp20 
(spot 173). Three of these proteins showed expres- 
sion peak at ZT14, and the other one peaked at 
ZT10 (Fig.2, Fig. 1B). The results fully demon- 
strated that high temperature in the afternoon (Table 
S1) was an unfavorable factor for K. pygmaea, so 
large amount of heat shock proteins were induced to 
play a potential protective effect. 

Light is the necessary condition of photosynthesis 
for plants. In the day light, especially at ZT10, pro- 


teins related to light harvesting or light stimulation dis- 
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played a higher expression (Fig. 1B). It may be crucial 
for the growth of K. pygmaea due to volatile environ- 
ment conditions. For example, in the afternoon, in- 


tense light accompanied by high temperature may dis- 
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turb photosynthesis. Taken together, proteins response 
to temperature or light, the major abiotic environment 
factors in diurnal cycle, were incited at special time 


when they became dominant factors ( Table S1). 


B ZT2 ZT6 ZT10 ZT14 ZT18 ZT22 


putative chloroplast ribulose-1,5-bisphosphate carboxylase/oxygenase small subunit 
Glycine dehydrogenase 

chlorophyll a/b binding protein 

phosphoglycerate kinase 

14-3-3-like protein 

photosystem | reaction center subunit IV A 

actin 

manganese superoxide dismutase 

cytochrome B6-F complex iron sulfur subunit 2 

PREDICTED: aspartate aminotransferase, mitochondrial-like 
predicted protein 

light harvesting chlorophyll a/b-binding protein 
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vacuolar H+-ATPase A1 subunit isoform 

nucleoside diphosphate kinase 

ATP synthase CF1 alpha subunit 

sucrose phosphate phosphatase 

predicted protein 

chloroplast oxygen-evolving protein 

Chain 1, The Structure Of A Plant Photosystem | Supercomplex At 3.4 Angstrom Resolution 
Oxygen-evolving enhancer protein 1, chloroplast precursor, putative 
peroxiredoxin bep 

ascorbate peroxidase 

MRNA binding protein precursor 

glyceraldehyde-3-phosphate dehydrogenase C subunit (GapC) 
chloroplast ferredoxin-NADP+ oxidoreductase precursor 
putative ribulose-1,5-bisphosphate carboxylase/oxygenase activase 
RuBisCO activase small isoform precursor 

plastidic aldolase 

ATP synthase subunit beta 

O-acetylserine(thiol)lyase 

glutamine synthetase 

cytosolic superoxide dismutase 

putative heat-shock protein 
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Stromal 70 kDa heat shock-related protein 
glyceraldehyde-3-phosphate dehydrogenase B subunit 

NAD dependent epimerase/dehydratase, putative 

rubisco activase 

glyceraldehyde 3-phosphate dehydrogenase A subunit 

Heat shock protein hsp20 

electron transporter/ thiol-disulfide exchange intermediate 
ribulose-phosphate 3-epimerase 

Glycine-tich RNA-binding protein GRP1A, putative,expressed 
predicted protein 

fructose-bisphosphate aldolase, putative 

ATP synthase beta subunit 

RuBisCO large subunit-binding protein subunit beta 
fructose-bisphosphate aldolase 

030590482700 

enolase 

predicted protein 

Ribulose bisphosphate carboxylase large chain 
phosphoglycerate kinase, chloroplastic-like 
fibulose-1,5-bisphosphate catboxylase/oxygenase large subunit 
malate dehydrogenase 

phenylcoumaran benzylic ether reductase homolog THE 
NADP dependent malic enzyme 

chloroplast ferredoxin-NADP+ reductase 

chloroplast chlorophyll a/b binding protein 





Fig. 1 Functional classification and hierarchical clustering of the identified proteins 


A. Functional classification of the identified proteins; B. Hierarchical clustering of the identified protein expression profiles at 


different times; C. Hierarchical clustering of some important proteins mentioned in Fig. 2. Different colors correspond 


to the proteins’ log-transformed fold-change ratios depicted in the bar at the bottom of the figure 
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Fig.2 Representative 2D gel of total protein from plants at ZT14 (left) and enlarged windows ( A-D) of gel (right) shown on left 


of plants from different time. The numbers assigned to the protein spots correspond to those listed in Table S1 
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2.2 Expressions of functional group proteins 
were aggravated at specific times of the day 

Based on the functional classification of com- 
parative proteins , we investigated the expression pat- 
terns of group proteins with analogous function. The 
number of proteins with expressing peak or trough at 
each time of six functional groups was counted sepa- 
rately (Fig.3). Indeed, nearly all groups showed 
the homologous results that proteins expression were 
elevated at specific times of the day and simultane- 
ously inhibited at some other times. More specifical- 
ly, proteins involved in stress resistance mainly 
peaked from ZT2 to ZT14, with significant difference 
at ZT14 (Fig. 3A). This illustrated that ZT2 to ZT14 
was the adverse period of K. pygmaea, especially at 
ZT14 accompanied by high temperature and intense 
radiation. Nevertheless, we also found that some 
resistance proteins reached trough level from ZT18 
to ZT2, exhibiting significant difference at ZT2 
(Fig. 3A). These results manifested that some pro- 
teins were restrained in the evening or night, while 
those involved in cold resistance were stated at the 
same time. Oxidation reduction processes are a set of 
important courses along with the resilience reaction 
of plants. Likewise, the expression of proteins relat- 
ed to redox processes reached the maximum from 
ZT2 to ZT14 and fell to the bottom from ZT18 to 
ZT2. The difference was that the largest number ap- 
peared at ZT6 and ZT18 respectively (Fig. 3B). In- 
terestingly, we observed analogous appearance on 
proteins involved in energy metabolism ( Fig. 3C ). 
Collectively, above results suggested that these three 
processes, resilience reaction, redox process and 
energy metabolism, were a series of interrelated 
complex processes in K. pygmaea. By doing this, the 
plants can integrate information between physiologi- 
cal metabolism and environmental change to with- 
stand abiotic challenges. 

Apart from above results, energy metabolism, 
together with biosynthesis and metabolism, are closely 
contacted with plants photosynthesis. Proteins in- 


volved in photosynthesis were more active in the day- 


time (Fig. 1B), when the light and temperature was 
relatively suitable. Precisely, overwhelming majority 
proteins were animated at ZT10 compared with small 
amount at ZT14 ( Fig. 3D). This reveled not only 
that maybe conditions at noon were the most suitable 
for K. pygmaea, but also that photosynthesis was un- 
der suppression in the afternoon. Previous studies 
have certificated that strong light (Poulson et al., 
2006) , high temperature (Zhou et al., 2010; Yu et 
al., 2013) and UV radiation (Lud et al., 2002) 
obstruct photosynthesis through complex mechanism ; 
nevertheless, plants also have evolved a set of de- 
fense mechanisms (Liu et al., 2012). Low tempera- 
ture is regarded as an important interference factor 
for many physiological processes, and photosynthesis 
is one of the most obvious processes affected by low 
temperature (Oquist et al., 1993; Liu et al., 2012). 
This is why many proteins with various functions ex- 
hibited expression trough at midnight ( Fig. 3). As 
photosynthesis is essential for plants, in natural en- 
vironment, the strategic that efficient photosynthesis 
concentrated in a short time is highly beneficial to 
K. pygmaea in the long term. Extreme expression of 
proteins involved in biosynthesis and metabolism 
(Fig. 3E) and some other functions (Fig. 3F) were 
observed in each time without significant difference , 
indicating participation throughout the whole day. In 
summary , expressions of functional group proteins were 
exacerbated at appropriate times of the day in this re- 
search. The temporal allocation may be favorable for 
K. pygmaea to maintain normal physiological activities 
in the complicated and changeable environment. 
2.3 Antioxidant enzyme activities exhibited chan- 
ges in volatility 

Plants will produce reactive oxygen species (ROS) 
when undergone aerobic metabolism, e.g., photo- 
synthesis and respiration ( Apel and Hirt, 2004). If 
the generation of ROS is not removed timely, plants 
may experience oxidative stress due to breaking the 
homeostasis in cellular redox state that may eventual- 
ly lead to cell death ( Apel and Hirt, 2004). Thus, 


plants have evolved scavenging machineries with an- 
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tioxidant enzymes and antioxidants to keep ROS at 
physiologically permissive levels ( Mittler, 2002). 
Here we determined the activities of four antiox- 
idant enzymes (CAT, APX, SOD, and GR) to in- 
vestigate the response of K. pygmaea to the complex 
external environment. We observed that all four en- 
zyme activities exhibited similarly fluctuation in the 
day (Fig.4), which peaked from ZT2 to ZT6 or 
from ZT14 to ZT18 and dipped at ZT10 or ZT22. In- 
terestingly, the results were identical to proteomics 


results of antioxidant system observed above. Our re- 




















sults are consistent with previous reports that some 
antioxidant enzyme activities, such as APX, GR, 
and SOD increased under low temperature or heat 
stress (Lee and Lee, 2000; Lou et al., 2011; Liu 
et al., 2012; Yu et al., 2013). Thus, the results 
suggested unfriendly abiotic environment e. g., cold 
in the mid-night, heat and UV radiation in the after- 
noon, could induce the production of ROS in 
K. pygmaea. To prevent the potential threat, plants 
can improve corresponding antioxidant enzyme activ- 


ities to keep ROS homeostasis. 
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Fig.3 The number of proteins expressing at peak or trough according to the functional classification in Fig. 1A at different times 


A. Stress resistance; B. Oxidation reduction processes; C. Energy metabolism; D. Photosynthesis ; 


E. Biosynthesis and metabolism; F. Others 































































































152 HW ot R AS HS Rh oh 37 48 
40 0.8 
a b 
b 
ab 7 b L à 
= 30 b —— 0.6 & 
3 3 
pE c pE 
z “on 2 ‘oh 
3 = 20 : 04 3 = 
a= xg 
oS <5 
g 
EI 10 F 0.2 cs 
40 
a 
a 
=L- 
> b t300 5 
D g I I be E 
> g £ oa 
T. e $y 
T F20 2 — 
QP a g 
AD O & 
i © 
& 
F10 = 
0 
ZT2  ZT6 ZT10 ZT14 ZT18 ZT22 ZT2  ZT6 ZT10 ZT14 ZT18 ZT22 
Fig.4 The change of antioxidant enzyme activities in Kobresia pygmaea at different times. Different symbols indicate 








significant differences between treatments (P<0.05) according to Tukey’s test 


Previous study reported that circadian clock 
regulated ROS production and scavenging in Arabi- 
dopsis thaliana (Lai et al., 2012) , and a core feed- 
back loop of circadian clock has been found in 
plants ( Wang and Tobin, 1998; Alabadi et al., 
2001; Pruneda-Paz and Kay, 2010). We hypothe- 
sized that antioxidant enzyme activities of K. pygmaea 
also would be regulated by circadian clock, despite 
lack of appropriate mechanism. Nevertheless, plants 
in natural field, especially on Qinghai-Tibet Plat- 
eau, may suffer sudden stress from unstable environ- 
ment factors, resulting in irregular fluctuation of 
ROS production. In the present study, we confirmed 
the truth of that K. pygmaea coordinated ROS meta- 
bolic processes with the external environment to avoid 
damaging the plants. 

2.4 Abscisic acid and dehydrin might partici- 
pate in a variety of physiological regulation 


To detect some substances played important 


roles in plant life activities from the perspective of 
protein, we performed immunoblot analysis with spe- 
cific antibodies against abscisic acid ( ABA ) syn- 
thase and dehydrin. ABA is an important plant hor- 
mone modulating seed dormancy, germination, sto- 
ma closure and responses to abiotic stresses, inclu- 
ding low temperatures, drought and high temperature 
(Fujita et al., 2006). Its synthesis is mediated by 
ABA synthases, like 9-cis-epoxycarotenoid dioxyge- 
nase (NCED) in plants. Dehydrins, belonging to a 
multi-family of proteins, are present in plants and 
induced by cold, salt, ABA and drought stress ( Ko- 
sova et al., 2011). In the results of western blot, we 
found NCED was highly accumulated at ZT2, ZT6, 
ZT14, ZT18 and ZT22, but with little expression at 
ZT10 ( Fig.5), implying similar regularity about 
production of ABA. Combined with environmental 
change, the result signified ABA was involved in 


K. pygmaea resistance to cold, heat and UV radia- 
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tion. In spite of lower expression at ZT14 compared 
with ZT2, ABA was also induced in the afternoon by 
heat to regulate stomas closure, may be this partly 
explained many proteins related to photosynthesis 
were down-regulated. As for dehydrins, we observed 
the same expression variation (Fig. 5). This sugges- 
ted dehydrins were partly induced by ABA and 
played important roles in response to extreme condi- 
tions. Overall, we found the ABA synthase and de- 
hydrin were altered with external conditions, which 
insinuated they were involved in a variety of physio- 
logical regulation. Furthermore, the fact that both 
ABA synthase and dehydrin displayed minimal ex- 
pression at ZT10 indicated this time might be the 
more appropriate condition for K. pygmaea as regar- 


ded above once again. 


NCED 


Se ire o 


Coomassie 
stained gel 





Fig.5 The effect of environment change on the protein accumulation 
of abscisic acid synthase and dehydrin for the six samples from 
different time. The coomassie stained gel is included 


as a protein loading control 


3 Conclusions 

In the present study, we investigated and dis- 
cussed the mode of K. pygmaea response to the natu- 
ral environment during day and night in the protein 
level. Several categories of proteins were particularly 
noticed to show apparent volatility changes with the 
ups and downs of environmental factors, which ex- 
hibited strong plasticity and flexibility. By analyzing 
the intrinsic link, we found that K. pygmaea might 
suffer from time period abiotic environmental stres- 
ses, including high temperature, intense light and 
UV radiation in the daytime and low temperature in 
the night during a diurnal cycle. To maintain normal 
life activities, K. pygmaea would not stand still and 


formed a complex set of strategies to fight against the 


potential damage. These strategies at least contained 
antioxidant system, HSPs accumulation and ABA 
metabolism. In addition, a lot of important activi- 
ties, such as energy metabolism and photosynthesis , 
mostly occurred at more suitable time to avoid disad- 
vantageous periods, which were designated as time- 
special activities. Briefly, the plasticity and flexibil- 
ity of some functional proteins was the material basis 
of K. pygmaea adaptation to the large diurnal envi- 
ronmental changes. As there was little attention that 
had been paid to K. pygmaea at the molecular level 
before (Li et al., 2013), our results could improve 
understanding of the interaction between alpine 


plants and natural environment. 
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Fig. S2 The second set 2-DE of six samples from different time 
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Fig. S3 The third set 2-DE of six samples from different time 


Table S1 The dynamic changes of environmental factors at different time when the plant samples were collected 





Symbol Time Temperature/ °C Light intensity UV radiation Atmospheric humidity 
ZT2 2 a.m. 5. 00 / / ook 
ZT6 6 a.m. 4.12 * / kkk 

ZT10 10 a. m. 12.35 kk ek 1k 

ZT14 14 p. m. 28. 50 iok Jok * 

ZT18 18 p. m. 12. 50 ak ek ae 

ZT22 22 p. m. 6. 50 / / ik 


” 


“7” means no existence; “ * ” means weak; “ ** ” means moderate; “ *** ” means intense 


